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Description 

This invention relates to controlling the release of drugs from pharmaceutical formulations. 

Currently available treatments for asthma and bronchitis, although generally effective, are limited by the 
5 necessity for frequent drug administration and/or the possibility of unpleasant or debilitating side effects. It 
has long been established that direct application of bronchodilating drugs to the lungs by inhalation 
provides rapid relief for asthmatic and bronchitic symptoms. However, the very rapid systemic absorption of 
drugs when administered by this route results in a relatively short duration of the desired clinical effect. 
Consequently this route of administration has not been as acceptable for the prophylactic administration of 
iq bronchodilating drugs in an attempt to prevent acute asthmatic attacks. Certain oral dosage forms are 
available for this latter purpose. However, they are not administered directly to the site of action. The 
dosages required are therefore very much higher and the incidence of unpleasant side effects is much 
greater. 

The respiratory tract may also be used as a means of drug administration in circumstances where other 
is routes are inappropriate or inconvenient. Certainly anaesthetic agents are administered by this route for 
their systemic activity, and there is evidence in the literature that peptides such as insulin can be absorbed 
systematically from the lungs. 

The process of microencapsulation of drugs in various polymeric materials is a well known means of 
producing controlled release drug delivery systems. EP-A-0038979, for example, describes the preparation 
20 of ethylcellulose microcapsules having a size less than 1000 am, typically 100-450 urn, for the delivery of 
drugs. The disclosed process involves employing an organosilicone polymer, optionally together with a 
surfactant, to increase the viscoelasticity and wettability of the ethylcellulose gel. This measure serves to 
improve the quality of the resulting microcapsules by promoting the formation of a compact and complete 
ethylcellulose wall structure. The organosilicone polymer and optional surfactant are washed off the 
25 microcapsules at the end of the process. 

Factors controlling the release of drugs from known microcapsules have been well described in the 
literature. In summary the critical factors are: 

1. the method of encapsulation and therefore the physical nature of the microcapsule; 

2. the specific polymeric material chosen to form the walls of the microcapsule; 

30 3. the physical state of the polymeric material in the microcapsule, i.e. the degree of crystallinity; and 
4. the solubility and diffusion characteristics of the salt form of the drug chosen. 
Children and the elderly have difficulty in swallowing conventional tablets and capsules. Unfortunately 
there have been many technical difficulties in producing controlled release drug delivery systems which 
could be administered in syrup or liquid form. The greatest technical difficulties are, on the one hand, of 
35 keeping the active ingredient largely out of aqueous solution during storage, while at the same time allowing 
this active ingredient to dissolve slowly once the product has been administered to a patient. 

We have now produced microencapsulated drug particles typically in sizes ranging in excess of 1 jam. 
The drugs employed have been incorporated in various polymeric wall forming materials. It was found that 
when these microcapsules were exposed to liptd-soluble surfactant or when such a surfactant was 
40 incorporated in the wall material of the microcapsule, the release of drug from the microcapsules was 
retarded. The rate of release of the drug could be controlled with respect to time. 

Accordingly, the present invention provides pharmaceutical formulations suitable for inhalation, compris- 
ing: 

(i) microcapsules having an average diameter of from 0.1 to 10 urn which consist essentially of a 
45 biocompatible biodegradable polymeric wall material encapsulating a drug, and 

(ii) a liptd-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats the 
wall material of the microcapsules. 

The invention further provides pharmaceutical compositions suitable for ingestion, comprising; 
(i*) microcapsules having an average diameter of from 0.1 to 20 urn, which consist essentially of a 
so biocompatible polymer wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant, which is mixed with the microcapsules or is incorporated within or coats the 
wall material of the microcapsules. 

Such formulations can be simple mixtures of microcapsules encapsulating a drug and surfactant. 
Alternatively or additionally, microcapsules encapsulating drug may have been exposed to surfactant so that 
55 the surfactant forms a coating on the wall material of the microcapsules. Microcapsules having surfactant 
incorporated in their walls may also be prepared by dissolving th polymeric material for the walls in a 
solvent, dispersing surfactant and drug in the polymer solution, evaporating off the solvent and obtaining the 
particles thus formed with the desired average diameter. A pharmac utically acceptable carrier or diluent 
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may be provided in the formulat.on. inhalation. For this purpose, it may take the 

The formulation may be presented .n a form ' J™ , |ant for lhe aerosol or it may be 

,orm of an aerosol in which the ' rimc ^^ W ^Si £E> of drugs to the lungs extends beyond 
in dry powder form. Use of the present * k ££^ M ^ may be administered in this way 

oronchodilating agents. 0^^^^*^Zm and leukotriene antagonists. Furthermore 
!T5MSS SSSST agents for cancer treatment ,n the lung 

orally administrate 

»S^TTSSSW —on of microcapsu.es in an aqueous 
fixing the ,ipid-so,b.es U ^^^ 

ofthe microcapsules, the re.ease of *«S^J2SS^2te as the preferred liquid oral dosage 
the degree and duration of the pharmacological eff ect oU ,„ the aqueous form but 
Zmica,****^^^^^;^*, various conventional long acting 
.which releases drug in vivo at rates ™* »JJ * S, dren an d older patients. Protection of drugs 

££51S=» ~ ~° - — - """" media - ^ ,,avour ** 

Thelg may be selected from anting ^J%£Z£Z?« ***** — 3 
betablockers. calcium antagonists w " ,, ^ B ^ShSS or diphenhydramine, peptide drugs such as 
tor cough and cold PJ^^S?^ agents'and derivatives such as prostag.and.ns. 
insulin or human growth nomo , ne ' otne ' ^ n J nvtoin and sodium valproate. j t 

««Wral^-nd8rm^l^^«^^ n ^^ broncn odilator compounds include be a- 
Preferably. the drug is a bm ^f n %^ e ^Z agon lst agents such as salbutamol (2- 
receptor agonists and. more part.cu.ariy t-J^SSS normally presented as its sulphate) and 

as leukotrienes and derivatives thereof. . rmnartic|es usually range s from less than 1% to as high as 

The amount of drug incorporated .n Mh. ™5j*J^^ W -ay be encapsulated in the 
95% by weight, preferably from 1 to 80/. by we.gt* ^ 
microcapsules. In such an event, the drugs must be nerf t wrtn £ ? P A biocompat ible polymer.c 

The polymeric wall material of the mK ^^^^S^ not carcinogenic and should not 
materia] I a polymeric materia, which ■ ^jotwc » bw^md*!. in the sense that it 

induce inflammation in body t.ssues. PrG ^'^Z^Lb\ 9 by the body and should not accumulate 
shou.d degrade by bodily processes to P"**»jj Te waf materia, shoula be biodegradable. Suitable 
in the body. For microcapsules for rtrtrto* ^t e "J^jJ^,,.**. acid copolymers thereof. 

Topr^^ For or * preparationSl ce,,u ' ose denva " 

so of the drug is released and then degrade. be red by spray -drying. In 

The microcapsules may be P^*? J^^^ dissolved in a so.vent such as 

this technique, the polymeric matenal for the , walls of the rmc P depen(jing Qn the des.red 

Alternatively, the microcapsules may be prepared by. 
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re.ease of drug from the ^.^XT^S^^^ therapeu«ca..y effective amount 



35 



40 



45 



50 



55 



4 



BP 0 257 915 B1 



inhalations of 1 to 2 inhalations, each of 100 ug, every three to four hours up to a maximum of eight per 
twenty hours (Martindale, The Extra Pharmacopo ia, 28th edition, 1982). Th dosage for terbutalin may be 
two inhalations each of 250 ug. 

The following Examples 1 to 6 illustrate the invention. In the accompanying Figures: 
s Figure 1 shows the results of the assays of the supernatant for terbutaline sulphate in Example 2; and 
Figure 2 shows the results of the dissolution test in Example 2. 

Reference Example: Preparation of terbutaline microcapsules 

w Terbutaline sulphate microcapsules were prepared using a Buchi 190 Mint spray-dryer equipped with a 
0.7-mm spray nozzle (Brinkmann Instruments Co, Westbury, N.Y.). The spray-drying procedure was 
conducted as follows: 

A 1.25 wt % polylactide-glycolide copolymer (DL-PLG) solution was prepared using methylene chloride 
as the solvent After complete dissolution of the polymer, terbutaline sulphate was added to the polymer 

15 solution in an amount equalling the weight of DL-PLG. The terbutaline sulphate particles were then 
suspended by homogenization using a Brinkmann Polytron® homogenizer (Brinkmann Instruments Co, 
Westbury N.Y.). Immediately after the homogenization was completed, the drug/polymer mixture was 
pumped into the nozzle of the spray dryer at a flow rate of approximately 1 ml/min. To effect aerosoltzation, 
nitrogen was also directed through the nozzle. The nitrogen pressure was maintained at about 103 KPa (15 

20 lbs/in 2 ). The temperature of the spray-dryer chamber was kept at approximately 70 *C. After ail of the 
drug/polymer mixture was processed, the spray dryer was allowed to gradually cool to room temperature 
and the microcapsule product was collected. 

Example 1: Effect of sorbitan trioleate on the in vitro release of terbutaline from microcapsules 

25 

Solutions of sorbitan trioleate (Span 85) were prepared as follows. Into a 1 1 3g (4 oz) glass jar, 150 to 
160g of Freon® was added via a gas cylinder. Next, an appropriate amount of Span® 85 was added to each 
. jar. To prepare 1% Span 85 in Freon, approximately 1.5 g of Span 85 was weighed into a weigh boat and 
poured into the jar containing the Freon. To prepare more dilute surfactant solutions it was necessary to add 
30 the Span 85 surfactant via a pipette, it was determined that 10 drops of Span 85 weighed approximately 
150 mg. Therefore 1 drop weighs approximately 15 mg. 



Solutions prepared 


Span 85 added 


Freon wt 


1% Span 85 


-1.5 g 


156.4 g 


0.25% 


25 drops 


158.0 g 


0.10% 


10 drops 


161.2g 


0.01% 


1 drop 


150.7 g 



After the surfactant was added, the jars were capped with Teflon<s>-lined screw caps and shaken. The 
jars were stored at -70 * C. 

Microcapsules were weighed into plastic scintillation vials and different surfactant solutions were added 
to each vial individually. The vials were labelled accordingly, and a stir bar was added to each vial. The 
sample was allowed to stir uncovered for approximately 4 hours at room temperature. The samples were 
then placed under a hood and exposed to continuous air flow for 30 min to remove all traces of the Freon. 
The microcapsule/Span 85 mixture was then scraped from the vial. 

An amount of microcapsules which contained approximately 15 mg of terbutaline sulphate was weighed 
out in triplicate and placed into small nylon pouches. These pouches consisted of 5 u,m, nylon mesh (Small 
Parts Inc., Miami, Florida), and were 3.81 cm x 3.81 cm (1 .5 in x 1 .5 in). The pouches were formed by heat 
sealing the edges with a hot spatula blade. The microcapsules were sealed within the pouch by this method 
as well. 

A nylon pouch containing the microcapsules was then placed in a 227 g (8 oz) glass jar, and 200 ml of 
deionized water was then added. Next, the glass jar was placed in a shakerbath maintained at 37 # C and 
oscillating at a rate of about 120 cycles/min. Aliquots were then removed periodically from the receiving 
fluid and assayed spectrophotometrically at 227 nm to determine their terbutaline sulphate concentrations. 
The amounts of terbutaline sulphat released was then calculated by using th highest recorded absor- 
bance to determine 100% release of drug from th microcapsules. After the maximum or 100% release was 
obtained, the % releas was determined proportionally. To illustrate, the following data were obtained for 

5 
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Microcapsule Batch D743-021 after exposure to 0,10% Span 85 in Freon. 



5 



Time 


Abs, = 227 nm 


Cone (ug/ml) 


% Released 


5 min 


1.443 


74.0 


83.5 


15 min 


1.650 


85.4 


96.4 


30 min 


1.693 


87.6 


98.9 


1 h 


1.711 


88.6 


100.0 



Thus the maximum absorbance as determined spectrophotometrically at 227 nm was 88.6 ug/ml. This 
was determined via a standard curve which was done previously. After determining the maximum release at 
1 h of 88.6 ug/ml, the percent release at the earlier times was calculated proportionally. For example, the 
release at 5 min was calculated as follows: 



74.0 ug/ml x 100% - 83.5% 
88.6 ug/ml 



The results are shown in Table 1 below. 



Example 2: Liquid oral terbutaline formulation 



Microcapsules of terbutaline sulphate were produced by spray drying according to the Reference 
Example. The particle sizes of the microcapsules were from 1 to 10 urn. The microcapsules were mixed 
with sorbitan trioleate surfactant; then mixed with the oil, ethyl oleate; and finally emulsified in water by first 
adding the non-ionic surfactant Cremophor® EL to the oil and microcapsule mixture and then adding 
quantities of water with vigorous mixing. The weight ratio of terbutaline microcapsules: sorbitan trioleate was 
about 1:5. The following quantitative formula was employed: 



Terbutaline microcapsules 


174 


mg 


Sorbitan trioleate 


1 


ml 


ethyl oleate 


5 


ml 


Cremophor EL 


5 


ml 


Water QS 


100 


ml 



The aqueous supernatant was assayed for terbutaline content on the 1st, 5th and 14th day after 
production. Furthermore after the 14th day a 20ml sample of this mixture was exposed to the standard USP 
dissolution test run in pH 6.8 buffer at 37 • C and a stirring frequency of 50 cycles/min. The results are 
shown in Figures 1 and 2. 

In Figure 1, the data from the assays of supernatant when the mixture was stored for 14 days are 
presented. It is clear from this Figure that the concentration of terbutaline sulphate in the aqueous phase on 
the 1st day after production was 8.9% of the total terbutaline concentration and at 14 days the concentration 
was the same. By contrast the results in Figure 2 present data for the in vitro dissolution of this same liquid 
formulation. This pharmacopoeia test is the same as that recommended for many tablet and capsule long 
acting formulations. In Figure 2 it is quite apparent that when the mixture was exposed to this USP test, 
drug dissolved slowly but completely in the aqueous media over a 2 hour period. 

Example 3: Preparation of Aerosols containing Microcapsules 



Experimental aerosols were prepared by adding an appropriate quantity of microcapsules of terbutaline 
sulphate to an empty aluminium canister. The microcapsules were produced by spray-drying according to 
the Reference Example. They were designated batch D743-055-1 . Their core loading of terbutaline sulphate 
was 26.6% by weight. The amount of terbutaline sulphate released from the microcapsules, in the absence 
of surfactant, was measured in vitro by the procedure described in Example 1. The percentages by weight 
of terbutaline sulphate released after 5, 10 and 30 mins wer 84.5%, 98.6% and 98.8%, respectively. 
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The remaining ingredients for th aerosol, suitably cooled, were added. A metered valve capable of 
delivering 25 ui ol the mixtur was crimped to the canister to provide a seal. The following aerosols were 
prepared: 



Aerosol No. 1 


Microcapsule batch D743-055-1 
Sorbitan Trioleate 

Trichlorof luoromethane (Propellant 1 1 BP 80) 
Dichlorotetrafluoroethane (Propellant 114 BP 80) 
Dichlorodif luoromethane (Propellant 12 BP 80) 


200 mg 
140 mg 
3.44 g 
3.44 g 
6.88 g 


Aerosol No. 2 


Microcapsule batch D743-055-1 
Trichlorof luoromethane (Propellant 11 BP 80) 
Dichlorotetrafluoroethane (Propellant 114 BP 80) 
Dichlorodif luoromethane (Propellant 12 BP 80) 


200 mg 
3.44 g 
3.44 g 
6.88 g 



Example 4: In vivo studies involving terbutaline microcapsules 

Aerosols prepared as described in Example 3 were tested in human volunteers. In one experiment, 
Aerosol No. 1 was employed. The physiological effects produced by this aerosol were compared to similar 
effects producted in the volunteer by a commercially available terbutaline aerosol. The human volunteer 
inhaled 4 puffs from the commercially available terbutaline inhaler (total inhaled dose approximately 1 mg 
terbutaline sulphate) and, on another occasion, inhaled 8 puffs from Aerosol No. 1 (inhaled dose approxi- 
mately 1 mg terbutaline sulphate). Airway resistance was measured at regular intervals following inhalation 
of the drug substance, utilising a constant volume body plethysmograph and expressed as specific airway 
conductance (sGaw). This method has been described by others, for instance see J E Harvey and A E 
Tattersfield Thorax 1982; 37:280-287. The results of this experiment are given in Table 2 below. Time here 
and in Table 3 is in minutes. 



Table 2; % Change in sGaw 

Time Commercial Aerosol Aerosol No. 1 

30 40 10 

60 63 22 

120 36 22 

240 40 22 

360 10 20 

420 0 22 



A second experiment was carried out using another human volunteer. Aerosol No. 2 of Example 3 was 
compared against a standard terbutaline aerosol. In this case the volunteer inhaled 4 puffs of the 
experimental formulation and 2 puffs from the standard inhaler, SGaw was again measured at regular 
intervals as described above. The results from this experiment are given in Table 3 below. 
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Time 



Table 3; % Change in sGAw 
Commercial Aerosol Aerosol No. 2 



30 



47 10 



5 



60 
120 



47 



22 



30 



39 



240 



6 



13 



10 



The data presented in Tables 2 and 3 clearly indicates that Aerosols Nos. 1 and 2, containing 
microencapsulated terbutaline, were capable of prolonging the effect of the drug on sGaw. Comparing the 
results from the first and second experiments indicates that the sorbitan trioleate component of the aerosol 
mixture also had a significant influence on the results. It is clear that the initial response to terbutaline from 
is Aerosol No. 1 was substantially depressed and that the response was constant for up to six hours. By 
comparison, the maximum pharmacological effect for Aerosol No 2 was delayed by approximately one hour 
as a result of the microencapsulation of the drug. The response was not constant and was in .steep decline 
by the time of four hours. These data clearly indicate that the surfactant prolongs the effect of the inhaled 
microcapsule formulation. 



Example 5: Preparation of Microcapsules incorporating Surfactant in their wall material 



Salbutamol suphate microcapsules containing Span 85 were prepared using a Buchi 190 Mini spray- 
dryer equipped with a 0.7 mm spray nozzle (Brinkmann Instruments Co, Westbury, NY). The spray-drying 

25 procedure was conducted as follows. 

A DL-PLG solution (0.80 wt %) was prepared using methylene chloride as the solvent. After complete 
dissolution of the polymer the span 85 was added. An amount of Span 85 was added such as to obtain a 
core loading of surfactant of 10% by weight. After the Span 85 was dispersed throughout the solution, the 
salbutamol sulphate was added. An amount of salbutamol sulphate was added such as to obtain a core 

30 loading of drug desired of 20.1% by weight. The salbutamol sulphate particles were then suspended by 
homogenisation using a Brinkmann Polytron homogeniser (Brinkmann Instruments Co, Westbury, NY). To 
perform this homogenisation procedure, the probe of the homogeniser was submerged in the polymer/drug 
mixture. The homogeniser was operated at a setting of approximately 6. The mixture was homogenised for 
three 30 second bursts, allowing 30 seconds between each burst. 

35 Immediately after the homogenisation procedure, the polymer/drug mixture was placed on a stir plate 
and stirred vigorously to ensure that the salbutamol sulphate particles remained in suspension. A Gilson 
Minipulse 2 pump (Gilson Medical Electronics Inc. Middleton, Wl) was then used to pump the mixture into 
the nozzle of the spray-dryer. A flow rate of approximately 1 ml/min was attained using size-14 Viton tubing 
(Cole-Parmer Instrument and Equipment Co, Chicago, IL). A small piece of aluminium foil was wrapped 

40 securely around the tubing and the mouth of the solvent jar to prevent loss of methylene chloride through 
evaporation. 

To effect aerosolisation, nitrogen was directed through the nozzle of the spray-dryer. The nitrogen 
pressure was maintained at about 103 KPa (15 lb/in 2 ) , as determined by the regulator on the nitrogen tank. 
The temperature of the spray-dryer's inlet chamber was maintained at about 50 'C, while the collection 
45 chamber was kept at approximately 40 *C. After all of the mixture was processed, the spray-dryer was 
allowed to gradually cool to room temperature and the microcapsule product was collected. 

Example 6 : Measurement of In Vitro Release Rate from Microcapsules incorporating Surfactant in their wall 
material 



In order to simulate release of drug in the lungs, a simple dissolution/diffusion apparatus was utilised. In 
this system, accurately weighed amounts of salbutamoi-containing microcapsules prepared according to 
Example 5. of salbutamoi-containing microcapsules prepared according to Example 5 but without Span 85 
or pur salbutamol were placed insid a sealed piece of dialysis tubing. The pieces of tubing were then 
55 suspended in beakers containing 150 ml of pH 7.4 buffer. The buffer was stirred at a constant rate. Small 
samples wer taken from the fluid in the beakers at regular intervals and assayed for active drug using the 
following procedure: 

Samples of the buffer were injected directly on an HPLC fitted with a 2-Module with Novopak column 



20 



50 



8 



/* 



EP 0 257 915 B1 



and Guardpak pre-column, and a fluorescenc detector set at 230 nm excitation with no emission filter. The 
solvent employed was a 4:96 acetonitrile/water with TEA adjusted to pH3 with orthophosphoric acid, and the 
flow rate was 2.5 ml per minute. 

The release of salbutamol from the two different batches of microcapsules, one with and the other without 
5 surfactant, is demonstrated in Table 4 below. Clearly, the presence of the Span surfactant within the 
microcapsules substantially delayed the release of the drug. 

Example 7 

w Salbutamol microcapsules were prepared using the reference method and an in vitro release study was 
carried out as described in Example 1 except that oleic acid was used as the surfactant instead of sorbitan 
trioleate. The results obtained are shown in Table 5 below. 
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Claims 

Claims f r the following Contracting States : AT, BE, CH t DE, FR, GB, IT, LI, LU, NL, SE 

I. A pharmaceutical formulation suitable for inhalation, comprising: 

5 (i) microcapsules having an average diameter of from 0.1 to 10 urn which consist essentially of a 

biocompatible biodegradable polymeric wall material encapsulating a drug, and 
(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules. 

w 2. A formulation according to claim t, which is in the form of an aerosol for inhalation. 

3. A formulation according to claim 2, wherein the concentration of surfactant in the aerosol cannister is 
from 0.01 to 1 % by weight. 

is 4. A formulation according to claim 1, which is in the form of a dry powder for inhalation and wherein from 
1 to 10% by weight of surfactant is incorporated in the walls of the microcapsules. 

5. A pharmaceutical formulation suitable for ingestion, comprising: 

(i') microcapsules having an average diameter of from 0.1 to 20 am which consist essentially of a 
20 biocompatible polymer wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules. 

6. A formulation according to claim 5, which is in the form of a composition suitable for oral administration 
25 wherein the microcapsules, which are coated with surfactant, are suspended in a pharmaceutical 

acceptable water-immiscible oil which is in turn emulsified in an aqueous medium. 

7. A formulation according to any one of claims 1 to 6 wherein the surfactant is a sorbitan fatty acid ester. 
30 8. A formulation according to claim 7, wherein the surfactant is sorbitan trioleate. 

9. A formulation according to any one of claims 1 to 8 wherein the drug is an antibiotic, cardiovascular 
drug, a drug for a cough or cold preparation, a peptide drug, an anti-viral agent, an anti-convulsant or 
chemotherapeutic agent for cancer treatment 

35 

10. A formulation according to any one of claims 1 to 8 wherein the drug is a bronchodilating agent or 
other anti-asthma drug selected from corticosteroids, disodium cromoglycate and antihistamines. 

II. A formulation according to claim 10, wherein the bronchodilating agent is a beta-adrenergic agonist, a 
40 xanthine, an anti-cholinergic agent, a calcium antagonist or a leukotriene or derivative thereof. 

12. A formulation according to claim 11, wherein the drug is salbutamol or terbutaline. 

13. A formulation according to any one of claims 1 to 8 and 10 to 12, wherein microcapsules encapsulating 
45 a bronchodilating agent are mixed with a sorbitan fatty acid ester which is present in an amount up to 

the weight of the microcapsules. 

14. A process for the preparation of a pharmaceutical formulation as defined in any one of claims 1 to 13 
which process comprises mixing the microcapsules with the surfactant. 

50 

15. A process according to claim 14 which process comprises exposing the microcapsules encapsulating 
drug to surfactant so that the surfactant coats the wall material of the microcapsules. 

16. A process for the preparation of a pharmaceutical formulation as defined in any one of claims 1 to 13 in 
55 which the surfactant is incorporated in the wall material of the microcapsules, which process comprises 

dissolving the polymeric material for the walls in a solvent, dispersing surfactant and drug in the 
polymer solution, evaporating off the solvent and obtaining the microcapsules thus formed with an 
average diameter of from 0.1 to 10 urn. 

13 



EP0 257 915 B1 



17. A process according to claim 16 for the preparation of a pharmaceutical formulation as defined in claim 
5 ( further comprising suspending the microcapsul s which hav been exposed to surfactant in a 
pharmaceutical^ acceptable water-immiscible oil and emulsifying the resulting suspension in an 
aqueous medium. 

5 

Ctafms for the following Contracting States : ES, GR 

I. A process for the preparation of a pharmaceutical formulation suitable for inhalation, comprising 

(i) microcapsules having an average diameter of from 0.1 to 10 urn which consist essentially of a 
io biocompatible biodegradable polymeric wall material encapsulating a drug, and 

(ii) a lipid-soluble surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules; the process comprising mixing the microcapsules with the 
surfactant. 

1 s 2. A process according to claim 1 , wherein the formulation is in the form of an aerosol for inhalation. 

3. A process according to claim 2, wherein the concentration of surfactant in the aerosol cannister is from 
0.01 to 1% by weight. 

20 4. A process according to claim 1, wherein the formulation is in the form of a dry powder for inhalation 
and wherein from 1 to 10% by weight of surfactant is incorporated in the walls of the microcapsules. 

5. A process for the preparation of a pharmaceutical formulation suitable for ingestion, comprising: 

(i') microcapsules having an average diameter of from 0.1 to 20 urn which consist essentially of a 
25 biocompatible polymer wall material encapsulating a drug, and 

(ii) a lipid-sotubfe surfactant which is mixed with the microcapsules or is incorporated within or coats 
the wall material of the microcapsules; the process comprising mixing the microcapsules with the 
surfactant. 

30 6. A process according to any one of claims 1 to 5 which process comprises exposing the microcapsules 
encapsulating drug to surfactant so that the surfactant coats the wall material of the microcapsules. 

7. A process according to any one of claims 1 to 6, wherein the surfactant is incorporated in the wail 
material of the microcapsules, which process comprises dissolving the polymeric material for the walls 

35 in a solvent dispersing surfactant and drug in the polymer solution, evaporating off the solvent and 
obtaining the microcapsules thus formed. 

8. A process according to any one of claims 5 to 7 wherein the formulation is in the form of a composition 
suitable for oral administration, the process comprising suspending the microcapsules which have been 

40 exposed to surfactant in a pharmaceutical ly acceptable water-immiscible oil and emulsifying the 
resulting suspension in an aqueous medium. 

9. A process according to any one of claims 1 to 8 wherein the surfactant is a sorbitan fatty acid ester. 
45 10. A process according to claim 9, wherein the surfactant is sorbitan trioleate. 

II. A process according to any one of claims 1 to 10 wherein the drug is an antibiotic, cardiovascular drug, 
a drug for a cough or cold preparation, a peptide drug, an anti-viral agent, an anti-convulsant or 
chemotherapeutic agent for cancer treatment. 

50 

12. A process according to any one of claims 1 to 10 whermn the drug is a bronchodilating agent or other 
anti-asthma drug selected from corticosteroids, disodium cromoglycate and antihistamines. 

13. A process according to claim 12, wherein the bronchodilating agent is a beta-adrenergic agonist, a 
55 xanthine, an anticholinergic agent, a calcium antagonist or a leukotriene or derivative thereof. 

14. A process according to claim 13, wherein the drug is salbutamol or terbutaline. 
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15. A process according to any one of claims 1 to 10 and 12 to 14 which comprises mixing microcapsules 
encapsulating a bronchodilating agent with a sorbitan fatty acid ester in an amount up to the weight ot 
the microcapsules. 

5 PatentansprUche 

PatentansprUche fiir folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

I. Zur Inhalation geeignete pharmazeutische Formulierung, umfassend: 

(i) Mikrokapseln. die einen mittleren Durchmesser von 0,1 bis 10 urn aufweisen, und die im 
to wesentiichen aus einem biologisch kompatiblen. biologisch abbaubaren polymeren Wandmalerial 

bestehen, das einen Arzneistoff einkapselt und 

(ii) ein lipidlosliches Surfactant, das mit den Mikrokapseln gemischt oder in das Wandmalerial der 
Mikrokapseln eingebaut ist oder dieses uberzieht 

75 2. Formulierung nach Anspruch 1 , die in Form eines Aerosols zur Inhalation vorliegt 

3. Formulierung nach Anspruch 2, wobei die Konzentration des Surfactants in dem Aerosolbehalter von 
0,01 bis 1 Gew.-% betra*gt 

20 4. Formulierung nach Anspruch 1 , die in Form eines trockenen Pulvers zur Inhalation vorliegt und wobei 
von 1 bis 10 Gew.-% des Surfactants in die Wande der Mikrokapseln eingebaut ist. 

5. Zum Einnehmen geeignete pharmazeutische Formulierung, umfassend: 

(i 1 ) Mikrokapseln, die einen mittleren Durchmesser von 0,1 bis 20 am aufweisen und die im 
25 wesentiichen aus einem biologisch kompatiblen, polymeren Wandmaterial bestehen, das einen 

Arzneistoff einkapselt und 

(ii) ein lipidlosliches Surfactant, das mit den Mikrokapseln gemischt oder in das Wandmaterial der 
* .Mikrokapseln eingebaut ist oder dieses Uberzieht 

so 6. Formulierung nach Anspruch 5, die in Form einer zur oralen Verabreichung geeigneten Zusammenset- 
zung vorliegt, wobei die Mikrokapseln, die mit Surfactant Dberzogen sind, in einem pharmazeutisch 
vertrSglichen, mit Wasser nichtmischbaren 6l suspendiert sind, das wiederum in einem waflrigen 
Medium emulgiert ist 

35 7. Formulierung nach einem der AnsprUche 1 bis 6, wobei das Surfactant ein Sorbitanfettsaureester ist 

8. Formulierung nach Anspruch 7, wobei das Surfactant Sorbitantrioleat ist. 

9. Formulierung nach einem der Anspruche 1 bis 8, wobei der Arzneistoff ein Antibiotikum, ein kardiovas- 
40 kularer Arzneistoff, ein Arzneistoff fur eine Zubereitung gegen Husten oder Erkaltung, ein Peptidarznei- 

stoff, ein Antivirusmittel, ein Antikonvulsivum oder ein chemotherapeutisches Mittel zur Behandlung von 
Krebs ist 

10. Formulierung nach einem der AnsprOche 1 bis 8, wobei der Arzneistoff ein Bronchodilatator oder ein 
45 anderes Antiasthmatikum ausgewahlt aus Corticosteroiden, Dinatriumcromoglykat und Antihistaminika 

ist 

II. Formulierung nach Anspruch 10, wobei der Bronchodilatator ein beta-adrenerger Agonist, ein Xanthin, 
ein anticholinerges Mittel, ein Calciumantagonist oder ein Leukotrien oder ein Derivat davon ist. 

50 

12. Formulierung nach Anspruch 11, wobei der Arzneistoff Salbutamol oder Terbutalin ist. 

13. Formulierung nach einem der Anspruche 1 bis 8 und 10 bis 12, wobei Mikrokapseln, die einen 
Bronchodilatator einkapseln, mit einem Sorbitanfettsaureester gemischt werden, der in einer Menge bis 

55 zu dem Gewicht der Mikrokapseln vorliegt. 

14. Verfahren zur Herstellung einer pharmazeutischen Formulierung nach einem der AnsprOche 1 bis 13, 
wobei das Verfahren das Mischen der Mikrokapseln mit dem Surfactant umfafit. 

15 
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15. Verfahren nach Anspruch 14, wobei das Verfahren umfatft, daiJ di Mikrokapseln, die den Arzneistoff 
einkapseln. einem Surfactant ausgesetzt werden, so dafl das Surfactant das Wandmateria! der Mikro- 
kapseln Uberzieht 

5 16. Verfahren zur Herstellung einer pharmazeutischen Formulierung nach einem der Anspriiche 1 bis 13, in 
dem das Surfactant in das Wandmaterial der Mikrokapseln eingebaut ist, wobei das Verfahren das 
Aufldsen des polymeren Materials fiir die Wande in einem Solvens, das Dispergieren des Surfactants 
und des Arzneistoffs in der Polymerlosung, das Verdampfen des Solvens und die Gewinnung der so 
gebildeten Mikrokapseln mit einem mittleren Durchmesser von 0,1 bis 10 um umfaBt. 

10 

17. Verfahren nach Anspruch 16 zur Herstellung einer pharmazeutischen Formulierung nach Anspruch 5, 
darOber hinaus umfassend das Suspendieren der Mikrokapseln, die dem Surfactant ausgesetzt waren, 
in einem pharmazeutisch vertraglichen, mit Wasser nichtmischbaren 5l und Emulgieren der so 
erhaltenen Suspension in einem waflrigen Medium. 

75 

Patentanspruche fur folgende Vertragsstaaten : ES t GR 

1. Verfahren zur Herstellung einer zur Inhalation geeigneten pharmazeutischen Formulierung, umfassend: 

(t) Mikrokapseln, die einen mittleren Durchmesser von 0,1 bis 10 um aufweisen und die im 
20 wesenth'chen aus einem biologisch kompatiblen, biologisch abbaubaren polymeren Wandmaterial 

bestehen, das einen Arzneistoff einkapselt und 

(ii) ein Hpidlosiiches Surfactant, das mit den Mikrokapseln gemischt Oder in das Wandmaterial der 
Mikrokapseln eingebaut ist oder dieses uberzieht, wobei das Verfahren das Mischen der Mikrokap- 
seln mit dem Surfactant umfaBt. 

25 

2. Verfahren nach Anspruch 1, wobei die Formulierung in Form eines Aerosols zur Inhalation vorliegt. 

3. Verfahren nach Anspruch 2, wobei die Konzentration des Surfactants in dem Aerosolbehalter von 0,01 
bis 1 Gew.-% betragt. 

30 

4. Verfahren nach Anspruch 1, wobei die Formulierung in Form eines trockenen PuWars zur Inhalation 
vorliegt und wobei von 1 bis 10 Gew.-% des Surfactants in die Wande der Mikrokapseln eingebaut 
sind. 

35 5. Verfahren zur Herstellung einer zum Einnehmen geeigneten pharmazeutischen Formulierung, umfas- 
send: 

(i) Mikrokapseln. die einen mittleren Durchmesser von 0,1 bis 20 um aufweisen und die im 
wesentlichen aus einem biologisch kompatiblen, polymeren Wandmaterial bestehen, das einen 
Arzneistoff einkapselt und 

40 (ii) ein lipidlcisliches Surfactant, das mit den Mikrokapseln gemischt Oder in das Wandmaterial der 

Mikrokapseln eingebaut ist oder dieses Oberzieht, wobei das Verfahren das Mischen der Mikrokap- 
seln mit dem Surfactant umfaBt. 

6. Verfahren nach einem der Anspruche 1 bis 5, wobei das Verfahren umfaJSt, daB man die Mikrokapseln, 
45 die den Arzneistoff einkapseln, einem Surfactant aussetzt, soda/J das Surfactant das Wandmaterial der 

Mikrokapseln Oberzieht. 

7. Verfahren nach einem der AnsprUche 1 bis 6, wobei das Surfactant in das Wandmaterial der 
Mikrokapseln eingebaut ist, wobei das Verfahren das Auflosen des polymeren Materials fUr die Wande 

so in einem Solvens, das Dispergieren des Surfactants und des Arzneistoffs in der Polymerldsung, das 
Verdampfen des Solvens und die Gewinnung der so gebildeten Mikrokapseln umfa/Jt. 

8. Verfahren nach einem der Anspruche 5 bis 7, wobei die Formulierung in Form einer zur oralen 
Verabrei Chung geeigneten Zusammenset2ung vorliegt, wobei das Verfahren das Suspendieren der 

55 Mikrokapseln umfaBt, die dem Surfactant in einem pharmazeutisch vertraglichen, mit Wasser nicht- 
mischbaren 6l ausgesetzt wurden, und Emulgieren der so erhaltenen Suspension in einem wSSrigen 
Medium. 
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9. Verfahren nach einem der AnsprUche 1 bis 8, wobei das Surfactant ein Sorbitanfettsaureester ist. 

10. Verfahren nach Anspruch 9, wobei das Surfactant Sorbitantrioleat ist. 

5 11. Verfahren nach einem der AnsprUche 1 bis 10, wobei das Arzneistoff ein Antibiotikum, ein kardiovasku- 
larer Arzneistoff, ein Arzneistoff fiir eine Zubereitung gegen Husten oder Erkaltung, ein Peptidarznei- 
stoff, ein Antivirusmittel, ein Antikonvulsivum oder ein chemotherapeutisches Mittel zur Behandlung von 
Krebs ist. 

10 12. Verfahren nach einem der AnsprUche 1 bis 10, wobei der Arzneistoff ein Bronchodilatator oder ein 
anderes Antiasthmatic m ausgewahlt aus Corticosteroiden, Dinatriumcromoglykat und Antihistaminika 
ist. 

13. Verfahren nach Anspruch 12, wobei der Bronchodilatator ein beta-adrenerger Agonist, ein Xanthin, ein 
75 anticholinerges Mittel, ein Calcium antagonist oder ein Leukotrien oder ein Derivat davon ist. 

14. Verfahren nach Anspruch 13, wobei das Arzneistoff Salbutamol oder Terbutalin ist. 

15. Verfahren nach einem der AnsprUche 1 bis 10 und 12 bis 14, das das Mischen der Mikrokapseln 
20 umfa/it, die einen Bronchodilatator einkapseln, mit einem Sorbitanfettsaureester in einer Menge bis zu 

dem Gewicht der Mikrokapseln. 

Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

25 

1. Formulation pharmaceutique approprtee pour Finhatation, comprenant : 

(i) des microcapsules ayant un diametre moyen de 0,1 a 10 am, qui sont essentiellement 
* constitutes en un materiau de paroi polymerique biodegradable et biocompatible encapsulant un 
medicament, et 

30 (ii) un tensioactif lipo-soluble qui est melange aux microcapsules ou qui est incorpore dans le 

materiau de paroi des microcapsules ou qui enrobe lesdites microcapsules. 

2. Formulation selon la revendication 1, qui est sous la forme d*un aerosol pour inhalation. 

35 3. Formulation selon la revendication 2, dans laquelle la concentration du tensioactif dans le recipient 
d'aerosol est de 0,01 a 1 % en poids. 

4. Formulation selon la revendication 1 , qui est sous la forme d f une poudre seche pour inhalation et dans 
laquelle 1 a 10 % en poids de tensioactif sont incorpor£s dans la paroi des microcapsules. 

40 

5. Formulation pharmaceutique ingeVable, comprenant : 

(F) des microcapsules ayant un diametre moyen de 0,1 a 20 urn, qui sont essentiellement 
constitutes en un materiau de paroi polymerique biocompatible encapsulant medicament, et 

(ii) un tensioactif lipo-soluble qui est melange aux microcapsules ou qui est incorpore' dans le 
45 materiau de paroi des microcapsules ou qui enrobe les dites microcapsules. 

6. Formulation selon la revendication 5, qui est sous la forme d'une composition appropriee pour 
('administration par voie orate, dans laquelle les microcapsules, qui sont enrob€es par le tensioactif, 
sont mises en suspension dans une huile non miscible a Feau, pharmaceutiquement acceptable, qui 

so ensuite, est emulsifiee en milieu aqueux. 

7. Formulation selon Fune quelconque des revendications 1 a 6, dans laquelle le tensioactif est un ester 
d'acide gras de sorbitan. 

55 8. Formulation selon la revendication 7, dans laquelle le tensioactif est du trioleate de sorbitan. 

9. Formulation selon Fune quelconque des revendications 1 a 8, dans laquelle le medicament est un 
antibiotique. un medicament cardiovasculaire, un medicament contre la toux ou une preparation contr 
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le rhume. un medicament peptidique, un agent anti-viral, un agent anti-convulsivant ou un agent 
chimiotherapique de traitement du cancer. 

10. Formulation selon Tune quelconque des revendications 1 a 8, dans laquelle le medicament est un 
agent bronchodilatateur ou un autre medicament contre I'asthme. choisi parmi les corticosteroTdes, le 
cromoglycate disodique et les antihistaminiques. 

11. Formulation selon la revendication 10, dans laquelle I'agent bronchodilatateur est un agoniste beta- 
adrenergique, une xanthine, un agent anti-cholinergique, un antagoniste calcique ou un leucotriene ou 
un de ses derives. 

12. Formation selon la revendication 11, dans laquelle le medicament est le salbutamol ou la terbutaline. 

13. Formulation selon Tune quelconque des revendications 1 a 8 et 10 a 12, dans laquelle les microcapsu- 
les, encapsuiant un agent bronchodilatateur, sont mdlangdes a un ester d'acide gras de sorbitan qui est 
present en une proportion pouvant atteindre le poids des microcapsules. 

14. Proc66e pour fa preparation d'une formulation pharmaceutique telle que dtfinie selon Tune quelconque 
des revendications 1 a 13, ledit precede consistant a melanger les microcapsules avec le tensioactif. 

15. Proc§d6 selon la revendication 14, consistant a mettre en contact les microcapsules, encapsuiant le 
medicament, avec un tensioactif de fagon a ce que le materiau de paroi des microcapsules soit revetu 
du tensioactif. 

16. Procede de preparation d'une formulation pharmaceutique selon Tune quelconque des revendications 1 
a 13, dans lequef le tensioactif est incorponi dans le malenau de paroi des microcapsules, redit 
procede consistant a dissoudre le materiau poly me re destine a former les paroi s dans un solvant, a 
disperser le tensioactif et le medicament dans la solution de pplymere, a evaporer le solvant et a 
obtenir les microcapsules ainsi formees avec un diametre moyen de 0,1 a 10 urn. 

17. Proctdd selon la revendication 16, pour la preparation d'une formulation phamaceutique selon la 
revendication 5, consistant en outre a mettre en suspension les microcapsules, qui ont 4t6 mises en 
contact avec le tensioactif, dans une huile non miscible a I'eau, pharmaceutiquement acceptable, et a 
tmulsifier la suspension obtenue en milieu aqueux. 

Revendications pour les Etats contractants sulvants : ES, GR 

1. Procede pour la preparation d'une formulation pharmaceutique approprite pour ['inhalation, comprenant 

(i) des microcapsules ayant un diametre moyen de 0,1 a 10 urn, qui sont essentiellement 
constitutes d'un materiau de paroi polymerique biodegradable et biocompatible encapsuiant un 
medicament, et 

(ii) un tensioactif lipo-soluble qui est melange aux microcapsules ou qui est incorpore dans le 
materiau de paroi des microcapsules ou qui enrobe tesdites microcapsules ; le procede consistant a 
melanger les microcapsules avec le tensioactif. 

2. Procede selon fa revendication 1 , qui est sous fa forme d'un aerosol pour inhalation. 

3. Procedt selon la revendication 2, dans laquelle la concentration du tensioactif dans le recipient 
d'atrosol est de 0,01 a 1 % en poids. 

4. Proctdt selon la revendication 1, qui est sous (a forme d'une poudre seche pour inhalation et dans 
laquelle 1 a 10 % en poids de tensioactif sont incorpores dans la paroi des microcapsules. 

5. Precede pour la preparation d'une formulation pharmaceutique ingerable, comprenant : 

(i') des microcapsules ayant un diametre moyen de 0,1 a 20 urn, qui sont essentiellement 
constitutes en un materiau de paroi polym&riqu biocompatible encapsuiant un medicament, et 
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(ii) un tensioactif lipo-solubl qui est melange aux microcapsules ou qui est incorpore* dans I 
materiau de paroi d s microcapsules ou qui enrobe tesdites microcapsules ; le proc^de consistant a 
m4langer les microcapsules avec le tensioactif. 

5 6. Precede seton Tune quelconque des revendications de 1 a 5, ledit procede consistant a mettre en 
contact les microcapsules, dans lesquelles est encapsule le medicament, avec un tensioactif de fagon 
que le tensioactif forme un rev§tement sur le materiau de paroi des microcapsules. 

Procede selon Tune quelconque des revendications 1 a 6, dans lequel le tensioactif est incorpore* dans 
le materiau de paroi des microcapsules, ledit procede consistant a dissoudre le materiau polymere 
destine a former les parois dans un solvant, a disperser le tensioactif et le medicament dans la solution 
de polymere, a evaporer le solvant et h obtenir les microcapsules ainsi formees. 

8. Proc6d6 selon I'une quelconque des revendications 5 a 7, dans lequel la formulation est sous la forme 
is d'une composition appropriate a ('administration par voie orale, ledit proedde' consistant a mettre en 
suspension les microcapsules, qui ont £te* mises en contact avec le tensioactif, dans une huile non 
miscible a I'eau, pharmaceutiquement acceptable, et a 6mu1sifier la suspension obtenue en un milieu 
aqueux. 

20 9. Procede selon Tune quelconque des revendications 1 a 8, dans lequel le tensioactif est un ester 
d'acide gras de sorbitan. 

10. Procede* selon la revendicaiton 7, dans lequel le tensioactif est du trioleate de sorbitan. 

25 11. Procede selon I'une quelconque des revendications 1 a 10, dans lequel le medicament est un 
antibiotique, un medicament cardiovasculaire, un medicament contre fa toux ou une preparation contre 
le rhume, un medicament peptidique, un agent anti-viral, un agent anti-convulsivant ou un agent 
chimiotherapique de traitement du cancer. 

30 12. Procede selon Tune quelconque des revendications 1 a 10, dans lequel le medicament est un agent 
bronchodilatateur ou un autre medicament contre rasthme, choisi parmi les corticoste>oi*des, le 
cromoglycate disodique et les antihistaminiques, 

13, Procede selon la revendication 12, dans lequel I'agent bronchodilatateur est un agoniste b£ta- 
35 adrdnergique, une xanthine, un agent anti-cholinergique, un antagoniste clacique ou un leucotriene ou 

un de ses derives. 

14. Procede* selon la revendication 13, dans lequel le medicament est le salbutamol ou la terbutaline. 

40 15. Proced4 selon Tune quelconque des revendications 1 a 10 et 12 a 14, consistant a melanger les 
microcapsules, encapsulant un agent bronchodilatateur, a un ester d'acide gras de sorbitan qui est 
present en une proportion pouvant atteindre le poids des microcapsules, 
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